Cryptocurrency market is an attractive field for researchers in finance nowadays. One topic that can be studied is related to the existence of anomalies in the cryptocurrency market. This research was conducted to examine whether the cryptocurrency market, especially on Bitcoin and Litecoin, has day-of-the-week and month-of-the-year effects. The Bitcoin and Litecoin were used as objects because they were a cryptocurrency with a large market capitalization. The data used were monthly cryptocurrency returns for examining the month-of-the-year-effect and daily returns for examining the day-of-the-week-effect from 2014-2018. GARCH (1,1) analysis was done to see these effects on the cryptocurrency market. The results indicate that the phenomena of day-of-the-week and month-of-the-year effect existed in the cryptocurrency market. Therefore, the cryptocurrency market was not an efficient market. The pattern in the Bitcoin and Litecoin could later be utilized by investors. The investors should buy Bitcoin at the end of January and they should sell them at the end of February. While, for the investors who traded daily, can trade Bitcoin in Monday, Wednesday and Thursday because in these days, the Bitcoin have the potential to generate daily profits.
Introduction
The development of technology has also reached the financial sector. One of these developments includes the emergence of virtual currencies that use cryptographic technology or often referred to as cryptocurrency. In cryptocurrency, each data transaction will be encoded using certain cryptographic algorithms (Nakamoto, 2008; Conway, 2014) . One of the examples of cryptocurrency is Bitcoin. Bitcoin was first developed in 2010 as a financial instrument called virtual currency which was originally used for peer-to-peer payments among online video gamers (ICBA, 2015) and online gamblers through Satoshi Dice (Badev & Chen, 2014) . This instrument was originally created by a programmer (Turpin, 2014) and was named Bitcoin by Satoshi Nakamoto, its inventor (Nakamoto, 2008; Richter, Kraus, & Bouncken, 2015; Seetharaman, Saravanan, Patwa, & Mehta, 2017) . In 2010, Bitcoin was only valued at USD 0.04, and once reached the highest record of USD 19.345,49 in December 2017. The Bitcoin market even threatened other major currencies in the world. Bitcoin has been considered as a legal payment instrument in several countries such as the United States, Canada, Australia, and the European Union. However, there are still many countries rejecting the legality of Bitcoin payment instruments such as Iceland, Indonesia, etc. Nevertheless, with an online trading system, Bitcoin trading can be easily carried out, both on the real Bitcoin market and the Bitcoin futures market in any country (Robiyanto & Pangestuti, 2018) .
Bitcoin is one type of cryptocurrency that is frequently used by people in several developed countries. Even in Indonesia, it has become an investment tool although it cannot be used as a means of payment because the virtual currency has not been recognized as a legal payment instrument in Indonesia. Although the cryptocurrency has not yet become a legal payment instrument in Indonesia, research discussing the cryptocurrency is considered interesting to do because there are limited studies that discuss the cryptocurrency in particular which examines seasonal patterns in the cryptocurrency market.
Bitcoin is one form of investment widely used in the world. There are also many types of cryptocurrency besides Bitcoin that can be used as one type of investment. For example, Ethereum, Ripple, Bitcoin Cash, and Stellar are five of the top ten cryptocurrencies that has the largest market capitalization according to Yahoo Finance. This can be seen in Table 1 . There is also a cryptocurrency named Litecoin which is the result of the development of Bitcoin, especially in terms of increasing speed of volume and transactions. Litecoin is a developed version of Bitcoin launched in 2011. It is now included in the top ten cryptocurrencies that have the largest market capitalization. The concept of Litecoin is basically the same as Bitcoin which is a virtual currency on a peer-to-peer basis that allows instant payments to anyone in the world whose sources are open and has a global payment network that is fully decentralized without any third parties (http:// zioncoins. co.uk, 2015) . Table 1 , it appears that the amount of cryptocurrency market capitalization is so large that this cryptocurrency has been highly developed in the world. However, studies on Examining the day-of-the-week-effect and the-month-of-the-year-effect in cryptocurrency market Robiyanto Robiyanto, Yosua Arif Susanto, Rihfenti Ernayani | 363 | the cryptocurrency market are still relatively limited, especially whether it has random walk feature or there is a certain pattern (for example seasonal patterns). Seasonal studies of the stock and commodity markets have been widely applied. A previous study by Robiyanto (2015) examined the month-of-the-year effect on stock and commodity markets in Southeast Asia. He concluded that there was a month-of-the-year effect on the capital markets in Indonesia, Malaysia, Thailand, and the Philippines and the gold, silver, platinum and palladium products also had seasonal patterns. While a study by Olowe (2010) which examined the commodity market found that there was a month-of-the-year effect on the Brent North Sea crude oil product in a certain period. Swami (2012) examined the day-tothe-week effect in five countries in South Asia (India, Sri Lanka, Pakistan, Bangladesh, and Nepal) and found that there was a day-to-the-week effect in Sri Lanka and Bangladesh. Meanwhile, Abdalla (2012) conducted research on a day-to-the-week effect in the Indian capital market and concluded that there was no day-to-the-week effect. Another research on the commodity market, named the Crude Palm Oil (CPO) market, was conducted by Pulungan, Wahyudi, & Suharnomo (2018) .
Based on the data in
Previous researches on the month-of-the-year and day-to-the-week effect on the capital and commodity markets have widely done and they obtained different results. While researches on the cryptocurrency market are still limited. Moreover, researches on the cryptocurrency market which runs for seven days a week are certainly interesting to do. The results of this study are expected to be useful for the participants of the cryptocurrency market in designing their short-term trading strategies. In relation to the hypotheses development of this study, a market will be considered running well if the market runs randomly or has a feature of random walk and the return movement does not have a certain seasonal pattern (Robiyanto, 2017; Suganda, Sumargo, & Robiyanto, 2018) . In previous studies (Rita, 2009; Marrett & Worthington, 2011; Caporale & Zakirova, 2017; Caporale & Plastun, 2018) , studies of seasonal patterns usually had seasonal patterns on a monthly and daily basis.
The month-of-the-year effect occurs if the return in a certain period is significantly different from other months, both higher and lower. The usual pattern includes the after-new-year effect (in the first month) where the return is usually higher than the following month because investors rearrange their portfolio positions and purchase shares at the beginning of the year (Olowe, 2010; Swami, 2012; Robiyanto, 2017) . Based on previous researches examining the month-of-the-year-effect on the commodity market and the stock market, the first hypothesis that can be proposed is:
The day-of-the-week-effect is a seasonal pattern that occurs on a daily basis, where the returns obtained differ greatly compared to other days (Marrett & Worthington, 2011; Þilicã & Oprea, 2014; Zhang, Lai, & Lin, 2017; Caporale & Plastun, 2018) . Based on previous researches examining seasonal patterns on a daily basis or day-to-the-week effect that might also occur in the cryptocurrency market, the second hypothesis that can be proposed is:
H 2 : there is a day-of-the-week effect on the cryptocurrency market
Method, Data, and Analysis
The type of data used to see the return of cryptocurrency was obtained through a website (investing.com) which meant that this research used secondary data. The cryptocurrency market data used as the return was daily closing data for examining the day-of-the-week-effect (the number of observations was 1826 days) and monthly closing data for examining the month-of-the-year-effect (the number of observations was 60 months) starting from 2014 to 2018.
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This study used two variables as the samples including Bitcoin and Litecoin. From various cryptocurrency markets in the world, the researchers chose these two variables using the purposive sampling method where they should meet the following criteria: were considered in the top ten cryptocurrencies with the largest market capitalization in the world, and published and circulated globally in early 2014. Based on the first criteria, the data obtained can be seen in the following Table 2 . Heteroscedasticity (GARCH), especially GARCH (1,1). The GARCH model developed by Bollerslev (1986) was a refinement of the ARCH model. This GARCH model was created to avoid a too high level on the ARCH model based on the parsimony principle or to choose a simple model so that it would guarantee a positive variance. Furthermore, based on the second criteria where it should be published at the beginning of 2014 and had been circulating globally, the samples that met the criteria were Bitcoin and Litecoin.
Equations used for month-of-the-year-effect testing
This study used the price of the return of the cryptocurrency market as a dependent variable. The returns used were daily and monthly returns calculated by using the following equation:
Where: RC t = Return cryptocurrency in period t; P t = Cryptocurrency price in period t; P t-1 = Cryptocurrency price in period t-1
In this study, the data were analysed by using Generalized Autoregressive Conditional 
With: With:
Where:  t is independent and identically distributed N (0.1) and independent of the past state of  t-p ; RC t = Return cryptocurrency in period month t; Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sept, Oct, Nov, Dec = dummy variable of the trading month, and 1 if it refers to the month and 0 if it does not.
Equations used for day-of-the-week-effect testing
The cryptocurrency market lasts 7 days a week and 24 hours per day, so the day variable used included those seven days: Monday, Tuesday, Wednesday, Thursday, Friday, Saturday and Sunday.
With:
Examining the day-of-the-week-effect and the-month-of-the-year-effect in cryptocurrency market Robiyanto Robiyanto, Yosua Arif Susanto, Rihfenti Ernayani | 365 | Where:  t is independent and identically distributed N (0.1) and independent of the past state of  t-p ; RC t = Return Cryptocurrency in period day t; Mon, Tue, Wed, Thu, Fri, Sat, Sn = dummy variable of the trading day, and 1 if it refers to the day and 0 if it does not.
Before the GARCH analysis was performed, a data stationarity test was performed using the Augmented Dickey-Fuller (ADF) test to see whether the data was flat or did not have a trend component (Greene, 2003) .
Results
This study aims to determine the seasonal patterns in the cryptocurrency market, especially in the Bitcoin and Litecoin markets using the GARCH test. Before conducting the GARCH test, the data stationarity test was performed by using the Augmented Dickey-Fuller (ADF) to see whether the data was stationary or not. Then, a correlogram test was performed to see whether the cryptocurrency market was efficient or not. After performing the correlogram test, it was followed with the GARCH test which used returns from Bitcoin and Litecoin, both daily and monthly, for the last 5 years from 2014-2018.
Descriptive statistics
The following Table 3 presents detail descriptive statistics of each trading day of Bitcoin and Litecoin.
During the study period, the average daily return value of Bitcoin (0.00321) is higher than Litecoin (0.00248), but the risk measured from the standard deviation value of Bitcoin (0.09541) is also higher than Litecoin (0.07261). Based on the trading days, the highest average of Bitcoin daily return is found on Wednesday with a value of 0.01504, while the lowest is found on Tuesday (-0.00330). The greatest risk measured from the standard deviation of Bitcoin is found on Saturday (0.08714), and the lowest was on Friday (0.03632). Different things are also found in Litecoin. The highest average of Litecoin daily return is found on Tuesday with a value of 0.00494, while the lowest is on Thursday (-0.00026). The greatest risk measured from the Litecoin standard deviation is found on Tuesday (0.07465), and the lowest is on Sunday (0.01827). The Bitcoin daily returns can be seen in Figure 1 Meanwhile, the descriptive statistics of the Bitcoin and Litecoin monthly returns based on the trading month can be seen in Table 4 . From Table 4 , it can be seen that the monthly average value of Litecoin (0.06224) is higher than the Bitcoin's (0.055419). The risks measured on the standard de-viation of Litecoin (0.41588) is greater than the Bitcoin's (0.23686). Based on the trading month, the highest average of Bitcoin monthly return is found in May (0.21561), while the lowest is in March (-0.14642). The same is also found in the risk level, the highest standard of monthly return deviation is Examining the day-of-the-week-effect and the-month-of-the-year-effect in cryptocurrency market Robiyanto Robiyanto, Yosua Arif Susanto, Rihfenti Ernayani | 367 | found in May (0.35305), and the lowest is in March (0.12601). Meanwhile, the highest Litecoin monthly return is found in June (0.02433), while the lowest is in January -0.01430). The highest Litecoin risk is found in December with a standard deviation of 0.21463, while the lowest risk is in July with a standard deviation of 0.02880. The Bitcoin monthly return can be seen in Figure 3 , while the Litecoin monthly return can be seen in Figure 4 . 
Unit Root Test
In this study, the data stationarity test was performed by using Augmented Dickey-Fuller (ADF) with a significance level of 5 percent and the results can be seen in the following Table 4 .
In Table 4 , it can be seen that at a significance level of 5 percent, Prob. ADF Bitcoin and Litecoin, both daily and monthly, is smaller than alpha of 0.05. As the probability of ADF is smaller than the alpha, the data is then considered stationary. After the Bitcoin and Litecoin return data are stationary, a correlogram test is then performed to see whether there is an autocorrelation on the return. After the correlogram test is done, a GARCH test is performed to see the seasonal patterns in the return of Bitcoin and Litecoin.
Correlogram Test
In addition to using the ADF to see the data stationarity, this study also used a correlogram test to see whether there is autocorrelation. The data returns used were the daily and monthly returns from Bitcoin and Litecoin. Determination of lag was done by using the natural logarithm of the number of observations. ln(1836) = 7.509  8 was used for daily return, while ln(60) = 4.09  5 was used for monthly return. Table 5 presents the result of the correlogram test of the Bitcoin daily return. It shows that the second to eighth Q-statistic lag probability has a probability value smaller than 0.05. This indicates the existence of autocorrelation in the Bitcoin daily return data. This result is also reinforced by the presence of stand out autocorrelation (AC) and partial autocorrelation (PAC) (the second, fourth, and sixth lag for AC and the second, fourth, fifth and eighth lag for PAC). The AC shows the correlation value of an observation with the value at certain lag, whereas the PAC shows the correlation value of an observation with the value at a certain lag which calculates the value of the interval in it, as Table 3 
. Descriptive statistic of Bitcoin and Litecoin monthly return
Examining the day-of-the-week-effect and the-month-of-the-year-effect in cryptocurrency market Robiyanto Robiyanto, Yosua Table 6 presents the results of the correlogram test for daily Litecoin daily return. It shows that the probability of the first to eighth lag has a Q-statistical probability value of less than 0.05. This indicates the existence of autocorrelation in the Litecoin daily return data. Similar to the Bitcoin, the Litecoin's significant Q-statistic value also reinforces this finding. The first and sixth AC and PAC lags on Litecoin stand out more than any other lag. Table 7presents the result of correlogram for Bitcoin monthly return. It shows that the Q-statistic has a probability value greater than 0.05. This indicates the absence of autocorrelation in the Bitcoin monthly return data, although all AC and PAC values are relatively prominent. Meanwhile, Table 8 presents the result of the correlogram test for Litecoin monthly return. It shows that the Q-statistic has a probability value smaller than 0.05 for the first lag only, reinforced by the AC and PAC values that stand out in the first lag, and the AC and PAC values for the next lag start to decline.
In general, the results of correlogram analysis on the Bitcoin and Litecoin markets indicate that there is an autocorrelation which means that the Bitcoin and Litecoin markets tend to be inefficient.
Result of GARCH Analysis
After performing the stationarity and correlogram tests on Bitcoin and Litecoin returns, the GARCH test was performed. The type of GARCH test used in this study was GARCH (1,1) which would be performed on Bitcoin and Litecoin return, both daily and monthly. Table 9 , the average Bitcoin return on Monday is positive. The average return on other days is not significantly different from Monday except on Wednesday and Thursday whose average return is different from Monday (marginally significant at 10 percent). Table 9 . GARCH (1,1) test for examining the day-of-the-week-effect on Bitcoin
Based on
Examining the day-of-the-week-effect and the-month-of-the-year-effect in cryptocurrency market Robiyanto Robiyanto, Yosua Volume 23, Issue 3, July 2019: 361-375 | 372 | Based on Table 10 , the average Litecoin return on Monday is positive. The average return on other days is not significantly different from Monday except on Wednesday and Friday whose average return is different from Monday. Table 11 , the average monthly return of Bitcoin in January, March July and August is negative, and the other months are positive. The average return for each month is significantly different except for December whose average return is relatively no different from January. Table 12 , the average monthly return of Litecoin in February is positive. The average return for each month is not significantly different except for May. It was found that there are several months that have a significant effect on cryptocurrency returns. Therefore, H1 which states that there is a month-of-the-year effect on the cryptocurrency market is empirically supported.

Furthermore, this study also found that there are days that have a significant effect on cryptocurrency returns. Therefore, H2 stating that there is a dayof-the-week effect on the cryptocurrency market is empirically supported. The results of this study also show that in the cryptocurrency market, there are also exists anomalies. This finding supports Caporale and Plastun (2018) , also consistent with other financial markets as documented by Olowe (2010) , Abdalla (2012) , Robiyanto (2015) , and Swami (2012) .
The coefficient of determination (R 2) on all models used in this study has a negative sign. This was a common condition because R 2 was not necessarily the number of squares of a figure (Alexander, Tropsha, & Winkler, 2015) . This finding indicated that the model used did not follow the trends in the data, making the results of the model calculation to not follow a horizontal line (Motulsky & Christopoulos, 2003 Examining the day-of-the-week-effect and the-month-of-the-year-effect in cryptocurrency market Robiyanto Robiyanto, Yosua Arif Susanto, Rihfenti Ernayani | 373 | because the independent variables used were the return cryptocurrency which can also be seen in Figure 1., 2., 3. , and 4.
The study also found that only December which has no significant effect on the Bitcoin return. This showed that towards the end of the year, the cryptocurrency market participants tend to reduce their trading activities to enjoy the end of year holidays. The cryptocurrency market is always known as a market that is always active and never stops so. Therefore, the market participants must be wise in responding to the time of the non-stop trading. A relatively similar thing was also found in the stock and commodity markets (Lucey & Zhao, 2008; Lean & Tan, 2010; Lean, 2011) .
Conclusion, Limitations, and Suggestions Conclusion
This study aims to understand whether there are patterns on the cryptocurrency market, especially on Bitcoin and Litecoin, or whether the market moves randomly. The results of GARCH (1,1) and correlogram test show that the cryptocurrency market does not move randomly, but there are phenomena of day-of-the-week and month-of-the-year effect. Therefore, the cryptocurrency market was not an efficient market because it had a certain pattern in the movement of the returns which made it followed a certain pattern and was not moving randomly because of the many requests and offers that occurred in the market. The pattern in the Bitcoin and Litecoin pattern could later be utilized by investors by buying the cryptocurrency before there was an increase in the return and selling them when the returns increased. For example, the investors should buy Bitcoin at the end of January because the return tended to be significantly negative and they should sell them at the end of February because the return tended to be significantly positive. Meanwhile, to conduct Litecoin trading, the investors could make a purchase before the end of January and then sell them at the end of February because it was found that there is a significant positive return in February which shows the potential for generating profits for investors. Meanwhile, for the investors who traded daily, Monday, Wednesday and Thursday were found to be the days where the Bitcoin have the potential to generate daily profits. While on the Litecoin, Friday was found to have the potential to generate daily profits.
Limitations and suggestions
This study has several shortcomings and limitations. It is expected that future studies may examine another potential cryptocurrency. Furthermore, due to limited researches discussing the cryptocurrency market, it is expected that there will be more future studies discussing in-depth cryptocurrency markets. For example, there can be studies examining the feasibility of cryptocurrency as an investment tool. Further, other research may examine the Rogalski effect to see the anomaly of the level of cryptocurrency returns on certain days with a certain month.
